Eighty bovine fetuses with confirmed neosporosis were used to score lesion severity and presence of parasites in brain, heart, and liver. A comparison was made between epizootic and sporadic abortion cases. The possible influence of fetal age was also investigated. Histologic lesions of multifocal encephalitis, myocarditis, and periportal hepatitis with or without focal hepatocellular necrosis were almost always observed. Neospora caninum tachyzoites were identified immunohistochemically in 85% of the brains, 14% of the hearts, and 26% of the livers. Tissue cysts were observed in 21% of the brains. Significant differences between epizootic and sporadic abortion cases were found only in the liver. Hepatic lesions were more prominent and N. caninum tachyzoites were observed more frequently and in higher numbers in epizootic cases. Examination by immunohistochemistry of the liver in addition to the brain can be highly contributive diagnostically, particularly in epizootic cases. There were no significant age-related differences except for a higher presence of tachyzoites in the hearts of younger fetuses (3-4 months gestational age).
Neospora caninum is a recently recognized protozoan parasite closely related to Toxoplasma gondii. 14, 15 A life cycle analogous to that of T. gondii is postulated, but a definitive host harboring sexual stages of the parasite has not yet been identified. Neospora caninum was first isolated from a dog. 10 In dogs, the infection is mainly associated with neuromuscular disease in young animals. 9 Neospora caninum-like protozoa may cause abortion in cattle 2, 4, 24, 26 and nervous signs in neonatal calves. 5, 11 Evidence is now accumulating that neosporosis is a major cause of bovine abortion worldwide. 12 The organism has been isolated from bovine material, 8 and recent studies have shown that the canine and bovine isolates are the same organism. 17, 18 Neospora caninum-infected fetuses show a characteristic multifocal encephalitis 2, 3, 20, 22 and inflammatory lesions in various other tissues, including skeletal muscle, heart, liver, lung, kidney, and placenta. 3, 23 The organisms can be identified in brain lesions by immunohistochemistry (IHC), 2, 4 but the lesions may be sparse and not easily found. 20, 22 Reports on IHC identification of N. caninum in extraneural tissues are rare. 20 ' 23 In The Netherlands, bovine neosporosis was first diagnosed in 1990 27 and has since been recognized as a leading cause of abortion in cattle. Based on histologic examination of fetal brain, heart, and liver, neosporosis was diagnosed in 17% of 2,053 fetuses submitted to the diagnostic laboratory of the Animal Health Service (AHS) in Drachten. 28 In 189 (74%) of 256 histologically suspect cases, N. caninum was identified by IHC after examination of brain only. After additional screening of liver and heart in 110 cases, the proportion of IHC-positive fetuses increased to 85%. 28 During that study, researchers noticed that some fetuses had severe hepatitis and numerous tachyzoites in the liver, whereas in the brain, lesions were minimal and parasites were hardly detectable. These fetuses originated from 2 herds with acute abortion storms. To find out whether these observations were coincidental or represented a trend, a semiquantitative (immuno) histologic study was done comparing N. caninum-infected fetuses from acute epizootics with sporadic abortion cases. We also investigated the possible influence of fetal age on the nature of the lesions and the presence of parasites, as suggested previously. 4, 21 Materials and methods Selection of cases. All aborted fetuses used in this study were submitted to the diagnostic laboratory of the Animal Health Service in Drachten during the years 1992-1994 and originated from 3 northern provinces of The Netherlands: Friesland, Groningen, and Drenthe. In all selected fetuses, neosporosis was confirmed immunohistochemically and cul- ture for mycotic and bacterial abortifacients was negative. Forty fetuses from herds with a history of epizootic abortion were available (group 1). These fetuses mainly originated from 3 major abortion storms with >20% of the animals at risk aborting within a period of 4 wk. 19 For comparison, 40 fetuses from herds with a history of sporadic abortion were randomly selected (group 2) and usually represented single cases from herds where abortion was not experienced as a problem by the farmer. Fetuses were grouped into 3 age classes: 3-4 mo, 5-6 mo, and 7-8 months ( Table 1) . Fetal age was estimated using crown-rump length.
Necropsy procedures. A standard protocol was used for aborted fetuses, including bacterioscopic examination of abomasal content, culture from abomasum and lung on blood agar, and sampling from brain (cortex, midbrain, medulla, cerebellum), heart (left ventricle), and liver for histologic examination.
Histopathology and immunohistochemistry. Tissues were fixed in 10% buffered formalin and routinely processed for paraffin embedment. Sections were cut at 4 µm and routinely stained with hematoxylin and eosin (HE). Selected sections were stained with phosphotungstic acid hematoxylin (PTAH). On microscopic examination, lesion severity for each tissue was classified by a simple grading system (no lesions, few or mild lesions, many or severe lesions).
Immunolabelling was done with an indirect peroxidaseantiperoxidase (PAP) procedure following a previously described method. 7 Rabbit anti-N. caninum serum was used as primary antibody, normal swine serum (1:20) was used to inhibit nonspecific binding, peroxidase-conjugated swine antirabbit IgG serum was used as secondary antibody, and rabbit PAP-complex was also used. a Antiserum to N. caninum (NC-1 isolate) was produced by immunizing rabbits with 4 1-wk-interval consecutive intramuscular injections of soluble crude antigen (0.5 mg protein/ 0.5 ml) suspended in Freund's adjuvant. Freund's complete adjuvant was used only for the first injection. Soluble crude antigen was prepared following a previously described method1 6 using the supernatant after freeze thawing and subsequent centrifugation of culture-derived tachyzoites. The final reciprocal end point titer at day 35 was 2,096 in an enzyme-linked immunosorbent assay with use of the same soluble antigen, comparing the naive serum with the hyperimmune serum. Blood samples were collected under anesthesia, and serum was separated by centrifugation and stored in small aliquots at -20 C. The specificity of the hyperimmune serum was tested using an immunofluorescent antibody test. 1 At dilution of 1:20 N. caninum tachyzoites produced strong whole-parasite fluorescence, whereas T. gondii, Sarcocystis cruzi, and Encephalitozoon cuniculi did not fluoresce with the N. caninum antiserum.
Statistical analysis. Statistical analyses were done using the chi-square test. The significance level was P = 0.05.
Results
Histopathology. Careful examination revealed histologic lesions in all 3 tissues (brain, heart, liver) in 91% (73) of the 80 fetuses examined. In 7 fetuses, lesions were not found in 1 of the tissues but were present in the other 2. Lesions were often obscured by autolysis, especially in the heart.
Multifocal nonsuppurative encephalitis was seen in 97% (78/80) of the brains. Focal necrotic lesions were present in 76% (51/80) of the brains, whereas focal gliosis was seen in all affected brains. Brain lesions were classified as mild in 56% of the fetuses. There were no significant differences between fetuses with epizootic and fetuses with sporadic abortion histories. Protozoal tissue cysts were observed in a few fetuses after routine staining. Focal or diffuse myocarditis was seen in 97% (78/80) of the fetuses. Lesions were classified as mild in 62% of the fetuses. Degeneration and necrosis of cardiomyocytes was infrequently observed but may have been obscured by autolysis. There were no re- Table 2 . Positive immunostaining for Neospora caninum in fetal brain, heart, and liver from 80 confirmed cases of bovine Neospora abortion. markable differences between fetuses with epizootic and fetuses with sporadic abortion histories. In a few fetuses, clustered tachyzoites were observed inside myocardial fibers (Fig. 1) . Periportal hepatitis was observed in 96% (77/80) of the fetuses. Focal hepatocellular degeneration and necrosis with associated intrasinusoidal fibrin thrombi was observed occasionally (Fig. 2) . Lesions were often more prominent in fetuses from herds with epizootic abortions. Periportal hepatitis was classified as severe in 62% of epizootic versus 30% of sporadic abortions. Focal hepatocellular necrosis occurred in 47% of epizootic versus 15% of sporadic abortions. No protozoal organisms were seen in the liver after routine staining.
Immunohistochemistry. The IHC results are summarized in Table 2 . Neospora caninum organisms were most frequently identified in the brain of fetuses in both epizootic and sporadic abortion cases. Tachyzoites were seen in 85% (68/80) of the fetuses, with additional tissue cysts in 14 fetuses. In 3 fetuses, only tissue cysts were found. Tachyzoites were almost exclusively present within the focal encephalitic lesions both with and without central necrosis (Fig. 3 ). They often occurred in small groups but sometimes were sparse and not easily found. In a few cases, tachyzoites were seen intravascularly or in close proximity to blood vessels, without a cellular response. Tissue cysts were mostly small and thin walled and were usually not associated with lesions. Neospora caninum organisms were infrequently identified in the myocardium (14%) and usually occurred as aggregations of tachyzoites inside a myocardial cell. In 3 fetuses the diagnosis was based on IHC identification of N. caninum parasites Diffuse cytoplasmic staining of mononuclear phagoin the heart only. Neospora caninum tachyzoites were cyte type cells with N. caninum antiserum was obidentified in the liver in 26% of the fetuses. They were served in 16% of the fetuses, particularly in myocardial often seen in small clusters ( Fig. 4) and were particu-infiltrations. No such staining was seen after deletion larly found in foci of hepatocellular necrosis. Tachy-of the primary antibody, secondary antibody, or PAP zoites were identified more often in livers of fetuses complex from the procedure. from epizootic abortions (P < 0.05). They also oc-Comparison of fetal age classes. There were no sigcurred in higher numbers, often exceeding the number nificant differences in the nature of the lesions in the of parasites in the brain. In 6 fetuses, N. caninum ta-various age classes. Brain lesions were less prominent chyzoites were identified exclusively in the liver.
in the 3-4-month-old fetuses than in the older fetuses.
differences in the IHC findings among the various age classes were not significant.
Discussion
Tachyzoites were more often identified by IHC in the trast with previous observations. 4,21 IHC of the heart hearts of the 3-4-month-old fetuses (P < 0.05). Other was more successful in 3-4-month-old fetuses, but the number of fetuses in this age class was too small to permit definitive conclusions. We did not find a preponderance of tissue cysts in fetuses < 5 months of age, as reported previously. 4 Most tissue cysts in fetuses in the present study were small and thin walled, suggesting that these were young stages.
In 80 confirmed cases of fetal neosporosis, histologic lesions were observed in all tissues examined (brain, heart, liver) in a high proportion (91%) of cases. As has been reported previously, multifocal encephalitis is quite distinctive and in combination with myocarditis is strongly suggestive of neosporosis. 2, 3, 20, 22 The present study shows that hepatitis is a very common lesion in neosporosis and can be particularly prominent in fetuses aborted during epizootics.
The IHC identification of N. caninum organisms was more rewarding in the brain (85%) than in the liver (26%) or the heart (14%). However, these figures are skewed upwards in comparison to those for random Sources and manufacturers cases of neosporosis 28 because only IHC-confirmed cases were selected for this study. Usually, N. caninum a. DAKO, Copenhagen, Denmark.
tachyzoites were most easily identified in focal brain lesions, but in some fetuses IHC of the liver was conclusive or highly contributive diagnostically, especially in epizootic abortion cases. Although myocarditis was also very common, IHC of the heart was less rewarding, and in only 3 fetuses was it essential for the diagnosis. Observed tachyzoites were mostly aggregated inside obviously intact cardiomyocytes. Such protozoal aggregations have also been observed in cardiac 11 and skeletal muscle fibers. 23 Focal myocardial necrosis was infrequently seen but may have been overlooked because of autolysis, which was disproportionably severe in the heart. The significance of the binding of the N. caninum antiserum to phagocytes, as particularly observed in myocardial infiltrations, is not clear. It may represent binding to phagocytized N. caninum antigens, but nonspecific binding cannot be completely excluded. Cytoplasmic immunoreactivity of microglial cells to N. caninum antiserum has been mentioned by others. 22 Further evaluation of this phenomenon is needed to elucidate whether or not it is of diagnostic importance.
The high numbers of tachyzoites in the liver with associated hepatocellular necrosis, as seen in a number of fetuses aborted during abortion storms, suggest an acute infection with a high dose of parasites possibly related to a primary infection of the dam, as expected during an epizootic. 25, 29 Sporadic abortions may occur more likely because of reactivation of a preexisting maternal infection, which presumably results in a lower number of parasites infecting the fetus than would a primary infection in a completely sensitive animal.
We did not observe marked differences in histologic lesions among fetuses of different age classes, in con-
